Introduction
Opisthorchis viverrini is one of the most important food-borne liver flukes in Southeast Asia. It is endemic in Thailand and Lao People's Democratic Republic (Lao PDR) and constitutes a major public health problem in the entire Mekong Basin [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] .
Although Cambodia is located in the Mekong Basin, previous reports only referred to the country as a whole and did not break down infection rates by province or district [1, [4] [5] [6] [7] [8] [9] [10] . 
Purpose of the research
The investigations focused on confirming that O. viverrini infection is endemic in several provinces in Cambodia.
Materials and methods

Study areas
This study was conducted in 55 villages in five provinces located in central and south 
Methods
The survey included the collection of stool specimens for examination along with were examined in infection-endemic villages to confirm the existence of vectors. Village leaders, residents, and fishermen cooperated to provide information concerning types of fish normally eaten raw and to collect cyprinid fish and Bithynia spp. snails from all endemic areas. Those samples came from ponds, small lakes, rice fields, and streams near the villages. All the fish were photographed, and some were fixed in formalin for morphological classification by a specialist. After removal of the intestines, the fish samples were cooled on ice, transferred to the laboratory of the CNM in Phnom Penh or Dokkyo Medical University in Japan, and then examined.
Snail shells were crushed, and the presence of cercariae was determined using a stereoscopic microscope. Cercariae of O. viverrini from snails were identified morphologically using a biological microscope. The fins, scales, and/or muscles of fish were observed using a stereoscopic microscope. Muscles were examined with the compressing and/or digestion methods. Suspected metacercariae were collected and identified morphologically using a biological microscope [1] . Some metacercariae were used for experimental infection in hamsters. Fourteen male Syrian hamsters were infected with 10-60 metacercariae by intragastric inoculation. Two to 3 months after infection, the animals were killed, and O. viverrini worms were collected from the bile ducts. In addition to morphological identification, PCR was also performed using ethanol-fixed cercariae and 6 metacercariae specimens based on the method of Lovis et al. [17] .
Adult worm collection
Adult worms were collected from patients in one Kandal province village that had a high egg-positive rate. Seven patients who had high egg density but no other health problems were chosen to participate after giving informed consent. These patients received a single dose of praziquantel 30 mg/kg, which is half the dose regularly administered by the CNM, early in the morning before breakfast to acquire as many complete adult worms as possible. After 3-4 h, magnesium sulfate (MgSO 4 ) 10-15 g (10 g for patients weighing <50 kg and 15 g for those weighing >50 kg) was administered with as much water as possible under the supervision of a Cambodian physician. After 1-2 h, defecation occurred, and the total feces were collected. One month later, the patients began to receive regular praziquantel treatment from local healthcare workers. The adult worms obtained were fixed in 10% formalin and transported to Japan, where they were stained with carmine solution and mounted on glass slides for examination.
Investigation of factors affecting opisthorchiasis endemicity
Village residents participating in this study were registered by name and age and questioned on their consumption of raw freshwater fish and whether the residents' homes had an enclosed toilet. The types of fish eaten and how the dishes containing raw fish were 7 prepared were noted.
Observations of environmental conditions focused on fishing spots, housing, and the general condition of villages. Some areas, especially infection-endemic villages, were visited in both the rainy and dry seasons. CNM staff carried out most of the interviews, supplemented by a Khmer-speaking Japanese researcher.
Ethical considerations
This epidemiological study was performed in strict accordance with all relevant guidelines; researchers visited target homes to obtain informed consent from residents for survey participation. The research plan, including informed consent, was approved by the National Ethics Committees, Cambodian MOH, and Dokkyo Medical University (permit no. 23007).
Animal experiments with hamsters performed in this study were conducted according to the ethical guidelines for the use of animal samples of the Animal Care and Use Table 2 ).
The Kato-Katz technique showed that the egg-positive rate among residents in these villages was greater than 10%, ranging from 10.7% to 65.1% ( Table 2 ). The egg-positive and fish consumption rates in Kandal and Takaev provinces are shown on the map in Data from one infection-endemic village in Prey Kabas district, Takaev province, were analyzed to determine the egg-positive rate by age (Table 3) . Adults were selected as the target age-group, although a few samples from individuals less than 20 years of age 9 were included. The results of the chi-square test showed that although the infection rate in those older than 20 years greater than 20% and those in their 40s had the highest infection rate of 34.7%, it did not reach the level of statistical significance. Table 4 shows the egg-positive rate in an infection-endemic village by EPG value and gender. Around half of both male and female residents of the village were selected for examination, following the same selection method used in most villages. Gender did not significantly affect egg positivity in the results of the chi-square test. The Kato-Katz technique was used for calculating EPG values in all villages (egg numbers on one smear × 24). In the same village for which the egg-positive rate is shown in Table 4 , more than 90% of the feces samples collected had an EPG value of less than 500. A few feces samples had very high EPG values of more than 10,000 in other infection-endemic villages, although they comprised less than 5% of total samples.
Other helminthic infections in the survey area
Eggs of other helminths were also found in feces samples in the target villages. The results from two infection-endemic villages are shown in 
Survey of intermediate hosts in endemic areas
Among the numerous snails collected in infection-endemic areas, many were identified as Bithynia spp. morphologically. Many species of freshwater fish were also found, including those in the Cyprinid family. Some fish samples were examined individually, while others were pooled. 
Adult worms of O. viverrini from feces of patients in an endemic village in Kandal
The complete bodies of 16 adult worms were gathered from feces samples from three persons who showed high egg-positive rates in one of the O. viverrini infection-endemic villages in Kandal province. These were determined morphologically to be O. viverrini, confirming the existence of opisthorchiasis in this village.
Living conditions and customs related to the O. viverrini infection cycle
Raw fish consumption
Approximately 70% to 100% of residents of O. viverrini infection-endemic areas eat raw freshwater fish. "Plia trai chau" is the most common dish (Fig. 3A) . The same dish is called by different names in other villages, but the recipes are nearly identical. Other dishes containing raw fish are "mam," "ph'ouk," and "plohok" (Fig. 3B ). "Plia trai chau" 13 is very similar to the raw fish dish called "koi pla," and "plohok" is similar to "pla ra," which are consumed in Thailand and Lao PDR [10, 13] . Cyprinid fish, mainly of the same species, are used for these dishes; "plia trai chau" is prepared from fresh fish caught near residents' homes especially during the flood season when fish are found and caught everywhere near the homes of residents.
The main reason for consuming raw fish is not a lack of fuel for cooking, but because people enjoy eating the traditional food. This is a long-standing custom dating back to the pre-Pol Pot period, when many people starved due to famine.
Covered toilets
The number of residents making use of covered toilets ranged from 0% to about 30% in most target villages. The usual practice is to defecate in a rice field or bush near homes, easily contaminating water sources by eggs in feces and facilitating the infection of snails.
Discussion
Endemicity of O. viverrini in four provinces studied
The eggs, cercariae, metacercariae, and adult worms found in endemic areas were morphologically typical of O. viverrini. The eggs, cercariae, and metacercariae were identified as O. viverrini using PCR and were shown to infect experimental hamsters.
In viverrini infection was not endemic (Fig. 2A) . In Kandal province, there were only two O.
viverrini infection-endemic villages where residents caught freshwater fish using the same fishing spots as the endemic villages in neighboring Takaev province. In addition, even in villages where homes were near the Bassak River and residents consumed raw freshwater fish caught from the river, the egg-positive rates were 1.2% and 2.8%. O. viverrini infection was not endemic in these villages near the Bassak (Fig. 2A) . However, those villages were located along the Bassak River or its tributaries within a 5-km radius from endemic villages in Takaev and Kandal provinces ( Fig. 2A) .
The results in Kampong Chan province (Fig. 2B) showed that endemic villages and none endemic villages coexisted within a distance of only 9 km, where the raw freshwater fish consumption rates were very high. For example, village X had a 27.9% egg-positive rate and 100% fish consumption and was located next to village Y with a 0% egg-positive rate and 96.9% fish consumption and also next to village Z with a 5.7% egg-positive rate and 96.4% fish consumption. If villages with 0% or 5.7% egg-positive rates had been selected for stool sample examination, the results could be misinterpreted as indicating that these areas were not O. viverrini infection endemic, although highly endemic villages (with infection rates of 27.9% or 29.7%) were located adjacent to those with lower rates. 16 Therefore, when assessing the data, the following assumptions should be made: when fecal specimens from selected individuals in a village in one commune or district are examined, the average egg-positive rate might be not very high. If villages in which the egg-positive rate was high were included, that information could easily be masked in the statistical analysis. This may be why only a few O. viverrini infection-endemic areas have been found in Cambodia so far. More careful planning may be necessary when conducting surveys in Cambodia compared with Thailand or Lao PDR to avoid overlooking endemic areas. Environmental factors in many areas also contribute to the difficulties in confirming O. viverrini infection-endemic areas.
Comparison of results from Cambodia and from Thailand or Lao PDR
To the best of our knowledge, no previously published report on opisthorchiasis in Thailand and Lao PDR described details of prevalence and location similar to those conducted an epidemiological survey in 51villages in Champasack province, southern Lao PDR close to Cambodia; the average prevalence rate in the province was 61.1% (range 0-95.1%). Almost three-quarters of villages surveyed (37/51) had prevalence rates above 50%. [11] . Although the percentage of rate of O. viverrini infection endemic villages was higher than that in Cambodia found in the present study, the results of Champasack province included the prevalence rates of 0% and over 90%. Endemic and none endemic villages are therefore present in a single province. It is possible that the situation is similar in Lao PDR and Cambodia, but further investigations are needed to confirm this.
Need for additional surveys of O. viverrini infection in Cambodia
O. viverrini infection research has been carried out in several Cambodian provinces [18, 19, 24, 25] . The CNM conducted a food-borne trematode survey in five provinces during 2006-2009, supported by the Asian Development Bank, and found egg-positive rates ranging from 0% to 16.0%, whereas only one of the survey areas in Takaev province had a 16.0% rate. An endemic area was also found in Kratie province [19] . 
Conclusions
There viverrini infection in Cambodia. 
